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Role of Plants and Endophytes in the Biosynthesis of Secondary Metabolites
for Natural Product Cancer Research

The chemical and biological diversity of nature is immeasurable and provides an extraordinary
resource for the discovery of anticancer drugs'. The World Health Organization estimates that
over 65% of the world’s population relies on traditional medicine for their primary health needs
23 Taxol, vincristine, etoposide, topotecan and vinblastine are a few examples of plant-derived
therapies currently in clinical use for treatment of various forms of human cancer . One
significant problem associated with natural product drug research is nature only produces a
relatively small amount of these phytochemicals. It is estimated that 38,000 yew trees must be
harvested to generate 25kg of Taxol to treat 12,000 patients. In the last decade, endophytic fungi
isolated from plant tissues have been identified as producers of these valuable drugs 7. It is
therefore imperative that the relationship between the plants and endophytic fungi during the
accumulation of these secondary metabolites is studied. Insights from such research may provide
alternative methods of natural product drug discovery which could be reliable, economical and
environmentally safe.

There are three schools of thought on the origins of secondary metabolism in plants’. There is the
argument that both plants and endophytic microbes co-evolved with pathways to produce these
natural products. Another thought is that an ancient horizontal gene transfer took place between
plants and microbes. The third suggests that either plants or endophytic fungi produce these
secondary metabolites and transfers them to the other symbiont. Biosynthetic pathway studies
using radio-labeled precursor amino acids reveal that plants and endophytic fungi have similar
but distinct metabolic pathways for production of secondary metabolites '* ' %, Evidence to
support the independent production of Taxol by endophytic fungi is the isolation of the gene 10-
deacetylbaccatin-I1I-10-O-acetyl transferase from the endophytic fungus Clasdosporium
cladosporiodes MD2" isolated from Taxus media (yew species). This gene is involved in the
biosynthetic pathway of Taxol and shares 99% identity with T. X media (plant) and 97% identity
with T. wallichiana var. marirei (plant). These data lead to the hypothesis that plants and
endophytic fungus through mutualistic symbiosis produces similar secondary metabolites.
Recently it was reported that plants other than yew species also have endophytic fungi associated
with them that make Taxol. This suggests that plants and fungi are independently capable of
producing these important secondary metabolites. The question is whether bioactive
phytochemicals of plants are produced by the plant itself or as a consequence of a mutualistic
relationship with beneficial organisms in their tissue. The fact that a combination of inducing
factors from both plants and endophytic fungi increased the accumulation of secondary
metabolites in plants and fungi respectively'® ' ' suggest that the fungal endophyte may play
important roles in the biosynthesis of secondary metabolites. Therefore the symbiotic association
and effects of plants and endophytes on each other during the production of other important
pharmacological bioactive natural products such as camptothecin, vinblastine, and
podophyllotoxin need to be explored. This could provide the framework for future natural
product production through genetic and metabolic engineering'”'*.



Cited References:

10.

1.

12.

13.

14.

15.

16.

17.

18.

T. Luke Simmons, Eric Andrianasolo, Kerry McPhail, Patricia Flatt and William H. Gerwick. Marine
natural products as anticancer drugs. Mol Cancer Ther. 2005 4(2), 333-342.

Ming-Wei Wang, Xiaojiang Hao and Kaixian Chen. Biological screening of natural products and
drug innovation in China. Phil. Trans. R. Soc. B, 2007, 362(1482), 1093-1105.

Daniel S. Fabricant and Norman R. Farnsworth. The Value of Plants Used in Traditional Medicine for
Drug Discovery. Env. Health Pesp. 2001,109 (1), 69-75.

John Mann, Natural products in cancer chemotherapy: past, present and future. Nat. Rev. Canc.,
2002, 2, 143-148

Souvik Kusari, Sebastian ZWhlke and Michael Spiteller. An Endophytic Fungus from Camptotheca
acuminata That Produces Camptothecin and Analogues. J. Nat. Prod., 2009, 72 (1), 2-7.

Amy L. Eyberger, Rajeswari Dondapati, and John R. Porter. Endophyte Fungal Isolates from
Podophyllum peltatum Produce Podophyllotoxin. J. Nat. Prod., 2006, 69 (8), 1121-1124.

Gary A. Strobel. Endophytes as sources of bioactive products. Microbes and Infection, 2003, 5, 535-
544

Rangarajulu S. Kumaran, Isolation and identification of an anticancer drug, taxol from Phyllosticta
tabernaemontanae, a leaf spot fungus of an angiosperm, Wrightia tinctoria. J. Microbiology, 2009, 40-
49

Michael Wink. Plant Secondary Metabolism: Diversity, Function and its Evolution. Nat. Prod.
Comm., 2008, 3(8), 1205-1216.

Stefan Jennewein, Christopher D. Rithner, Robert M. Williams, and Rodney B. Croteau. Taxol
biosynthesis: Taxane 13a-hydroxylase is a cytochrome P450-dependent monooxygenase. PNAS,
2001, 98(24), 13595-13600.

Gary A. Strobel, Andrea Stierle, and Frederick J.G.M. van Kuijik. Factors influencing the in vitro
production of radiolabeled taxol by Pacific yew, Taxus brevifolia. Plant Sci. 1992, 84, 65-74.

Andrea Stirle, Gary Strobel and Donald Stierle. Taxol and Taxane Production by Taxomyces
andreanae, an Endophytic Fungus of Pacific Yew. Science, 1993, 260, 214-216.

Peng Zhang, Peng-Peng Zhou and Long-Jiang YuAn Endophytic Taxol-Producing Fungus from
Taxus media, Cladosporium cladosporioides MD2. Curr Microbiol, 2009, 59(3), 227-232. DOI
10.1007/500284-008-9270-1

Yong-Cheng Li and Wen-Yi Tao. Interactions of Taxol-producing endophytic fungus with its host
(Taxus spp.) during Taxol accumulation. Cell Biol. Int., 2009, 33, 106-112.

Yong-Cheng Li and Wen-Yi Tao. Effects of paclitaxel-producing fungal endophytes on growth and
paclitaxel formation of Taxus cuspidate cells. Plant Growth Regul., 2009, 58, 97-105.

A. Yari Khosroushahia, M. Valizadehb, A. Ghasempourc, M. Khosrowshahlid, H. Naghdibadie, M.R.
Dadpourb and Y. Omidi. Improved Taxol production by combination of inducing factors in
suspension cell culture of Taxus baccata. Cell Biol. Int., 2006, 30, 262-269

Oscar Besumbes, Susanna Sauret-Giieto, Michael A. Phillips, Santiago Imperial, Manuel Rodriguez-
Concepcion, Albert Boronat. Metabolic engineering of isoprenoid biosynthesis in Arabidopsis for the
production of taxadiene, the first committed precursor of Taxol. Biotechnology and Bioengineering,
2004

Benedikt Engels, Pia Dahm and Stefan Jennewein. Metabolic engineering of taxadiene biosynthesis
in yeast as a first step towards Taxol (Paclitaxel) production. Metabolic Engineering, 2008, 10 (3-4),
201-206.



